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1. INTRODUCTION:

Tourniquet application is an effective means of arresting life-threatening limb hemorrhage in 

the military and civilian pre-hospital setting and creating bloodless surgical fields in 

orthopedic surgery.  However, tourniquet-induced ischemia and subsequent reperfusion can 

cause serious ischemia-reperfusion (IR) injury for the neuromuscular junction and skeletal 

muscle. Such injury is associated with long-term skeletal muscle contractile dysfunction and 

permanent neurological deficiency.  Although our laboratory and others have uncovered the 

protective effects of anti-inflammation and anti-oxidation on tourniquet-induced acute IR 

injury in skeletal muscles, there is currently no effective means to improve long-term 

functions of the skeletal muscle and neuromuscular junction.  Although glucocorticoids such 

as dexamethasone (Dex) have a potent anti-inflammatory effect, these drugs are also 

associated with severe side-effects.  A novel drug delivery system, liposome encapsulation, 
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can help drugs such as Dex accumulate at the site of inflammation and have high therapeutic 

efficacy without adverse effects. To address whether the application of liposomal 

dexamethasone (lipo-Dex) at the early stage of tourniquet-induced IR promotes the structural 

and functional repair of the neuromuscular junction and skeletal muscle, and restores skeletal 

muscle contractile function without Dex-related adverse effects, we use tourniquet-induced 

mouse limb IR model to design in-vitro (cells and tissues) and in-vivo (conscious and 

anesthetized mice) studies for comparing lipo-Dex and Dex as to their therapeutic effects on 

recovery of skeletal muscle contractile function and adverse effects. The application of lipo-

Dex in this study will support the development of potential therapeutic strategies for the 

structural and functional repair of the neuromuscular junction and skeletal muscle after 

tourniquet-induced limb IR injury. This therapeutic strategy has significant potential to 

benefit patients with tourniquet-induced IR injury that results from prolonged treatment at 

combat sites or during civilian pre-hospital treatment, thereby resolving a limitation for 

tourniquet use and resulting in extensive savings of life, limb use, and financial burden. 

2. KEYWORDS:

Civilian, contraction, dexamethasone, glucocorticoid, hemorrhage, inflammation, injury, 

ischemia-reperfusion, limb, liposome, military, morphology, mouse, neuromuscular junction, 

side effects, skeletal muscle, tourniquet. 

3. ACCOMPLISHMENTS:

o What were the major goals of the project?

The goals of this project is to test the feasibility of liposomal dexamethasone (lipo-Dex)

as a novel therapeutic intervention for improving the outcome of post-traumatic skeletal

muscle and neuromuscular junction in patients who have been treated with tourniquet.

        Milestones timeline (Total 24 Months) 

        Milestone 1: Obtain ACURO approval.         1-3

        Milestone 2: Obtain lipo-Dex. 1
        Milestone 3: Determine the inhibitory effects of lipo-Dex and Dex on 

inflammatory cytokines during tourniquet-induced IR. 
        Determine lipo-Dex distribution. 1-4

        Milestone 4: Obtain lipo-Dex and determine the protective effects of   5-8
lipo-Dex and Dex on skeletal muscle contraction during 
tourniquet-induced IR. 

        Milestone 5: Obtain lipo-Dex and determine the protective effects of   9-12
lipo-Dex and Dex on the structure of skeletal muscles 
during tourniquet-induced IR. 

        Milestone 6: Present the above findings at relevant national conferences. 8-12
 Edit and publish peer reviewed paper. 

        Milestone 7: Obtain lipo-Dex 13 
        Milestone 8: Determine the protective effects of lipo-Dex and Dex on 13-17

function of the neuromuscular junction during 
tourniquet-induced IR. 

        Milestone 9: Obtain lipo-Dex and determine the protective effects of   18-20
lipo-Dex and Dex on structure of the neuromuscular junction 
during tourniquet-induced IR. 

       Milestone 10: Obtain lipo-Dex and determine the adverse effects of   21-24
lipo-Dex and Dex in mice with tourniquet-induced IR. 

       Milestone 11: Present the above findings at relevant national conferences. 20-24
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Edit and publish peer reviewed papers. 
        Milestone 12: Edit the video for our experimental demonstration and discuss 22-24

our results with clinical doctors. Prepare to seek clinical partners 
 in military and/or civilian facilities to conduct a small clinical trial 
 for combining use of pre-hospital tourniquet and lipo-Dex. 

o What was accomplished under these goals?

1. We submitted IACUC protocol for this project to the University of Nebraska Medical

Center (UNMC) IACUC and ACURO and obtained approval from UNMC IACUC on

December 21, 2016 and ACURO on February 28, 2017, respectively.

2. We prepared lipo-Dex. Lipo-Dex was synthesized by the lipid film-hydration method.

Briefly, dipalmitoyl phosphatidylcholine, polyethylene-glycol 2000-distearyl

phosphatidylethanolamine, and cholesterol will be dissolved in a 1.85:0.15:1 molar ratio

in 5-10 ml ethanol. A lipid film will be formed and hydrated with a 100 mg/ml solution

of Dex phosphate disodium (free Dex). Lipo-Dex (about 6.5 mg/ml) will be measured,

upon extraction of the aqueous phase, by Ultra Performance Liquid Chromatography

(UPLC) BEH C18 column.

3. We measured lipo-Dex distribution using near-infrared imaging analysis. At the

beginning of reperfusion after 3-hours of ischemia, mice received lipo-Dex (7 mg/kg) by

tail-vein injection under anesthesia.  They were imaged at IR 0.5 hour, 6 hours, 1 day, 3

days, 1 wk, 2 wks, 4 wks, and 6 wks. We found that lipo-Dex was mainly retained in IR-

injured skeletal muscles after 24-hour ischemia/reperfusion (IR), lasted about 1 week,

and then disappeared (Figure 1).

4. Four groups of mice were used for testing the protective effects of lipo-Dex and Dex on

skeletal muscle contraction in mice with tourniquet-induced IR: sham, tourniquet-induced

IR+saline, tourniquet-induced IR+lipo-Dex, and tourniquet-induced IR+Dex. Unilateral

(left) hindlimb ischemia was induced in IR mice by placing an orthodontic rubber band

(ORB) at the hip joint through use of a McGivney hemorrhoidal ligator.  After 3 hours of

Figure 1. Representative live imaging for liposome-

dexamethasone (lipo-Dex) in tourniquet-induced IR 

mouse at different time-points.  Lipo-Dex (7mg/kg) was 

intravenously injected at the beginning of reperfusion. 
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ischemia, the ORB tourniquet was released to begin reperfusion for different periods. 

Treatment with Dex (1mg/kg/day, i.p. injection for 1 wk) or lipo-Dex (7mg/kg, one-time 

i.v., equivalent to 1 mg/kg/day of Dex for 1 wk) will begin at the beginning of

reperfusion on the day of IR induction. At 1-wk IR, 2-wk IR, 4-wk IR, and 6-wk IR, the

mice in all groups were anesthetized.  Then sciatic nerve stimulation- and direct muscle

stimulation-induced gastrocnemius muscle contraction was measured. Finally   all mice

were sacrificed and gastrocnemius muscles were isolated and kept in freezer (-80oC) for

measurement of inflammatory cytokines and structure of skeletal muscles. We found that

tourniquet-induced IR significantly decreased sciatic nerve stimulation- and direct muscle

stimulation-induced gastrocnemius muscle contraction at 1-wk IR. Following

prolongation of reperfusion, gastrocnemius muscle contraction gradually strengthened at

2-wk IR, 4-wk IR, and 6-wk IR. However, gastrocnemius muscle contraction did not

recover to the normal level, even at 6-wk IR. Lipo-Dex and Dex markedly improved

gastrocnemius muscle contraction at 1-wk IR, 2-wk IR, 4-wk IR, and 6-wk IR.

5. Using harvested gastrocnemius muscles, we measured inflammatory cytokines at 1-wk

IR, 2-wk IR, 4-wk IR, and 6-wk IR time-points. We found that 3 cytokines (TNFα, IL1-β,

and IL-6) were overexpressed in gastrocnemius muscles after 1 week, 2 weeks, 4 weeks,

and 6 weeks of tourniquet-induced IR. Lipo-Dex and Dex significantly inhibited the

elevation of cytokines in gastrocnemius muscles.

6. We also measured the structure of structure muscles in all groups of mice at 1-wk IR, 2-

wk IR, 4-wk IR, and 6-wk IR time-points. Tourniquet-induced IR causes gastrocnemius

muscle injuries including rupture of the muscle sarcolemma and infiltration of leukocytes

including neutrophils, lymphocytes, and monocytes. Lipo-Dex and Dex reduces rupture

of the muscle sarcolemma and infiltration of leukocytes in gastrocnemius muscles. In

conclusion, treatment of lipo-Dex or Dex suppresses IR-induced inflammation and

promotes recovery of skeletal muscle morphology and function from tourniquet-induced

IR injury.

7. I presented our research results at 2017 Military Health System Research Symposium.

The title is “protective effect of dexamethasone against tourniquet-induced acute

ischemia-reperfusion injury in mouse hindlimb”.

8. We submitted one abstract to 2018 Experimental Biology conference (April, 2018 in San

Diego, CA). The title is “Liposomal dexamethasone attenuates tourniquet-induced

ischemia-reperfusion injury in mouse hindlimb”.

9. One research paper has been published in Frontiers in Physiology. Corrick RM, Tu, H,

Zhang D, Muelleman RL, Wadman MC, Li YL. Dexamethasone protect against

tourniquet-induced acute ischemia-reperfusion injury in mouse hindlimb. Front Physiol

2018; 9: 244.

o What opportunities for training and professional development has the project

provided?

Nothing to Report.

o How were the results disseminated to communities of interest?

Nothing to Report.

o What do you plan to do during the next reporting period to accomplish the goals?

In the next fiscal year (03/01/2018 to 02/28/2019), we will investigate the protective

effects of lipo-Dex and Dex on the structure and function of the neuromuscular junction
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during tourniquet-induced IR. We also determine the adverse effects of lipo-Dex and Dex 

in mice with tourniquet-induced IR.  

4. IMPACT:

o What was the impact on the development of the principal discipline(s) of the

project?

Nothing to Report.

o What was the impact on other disciplines?

Nothing to Report.

o What was the impact on technology transfer?

Nothing to Report.

o What was the impact on society beyond science and technology?

Nothing to Report.

5. CHANGES/PROBLEMS:

o Changes in approach and reasons for change

Nothing to Report.

o Actual or anticipated problems or delays and actions or plans to resolve them

Nothing to Report.

o Changes that had a significant impact on expenditures

Nothing to Report.

o Significant changes in use or care of human subjects, vertebrate animals,

biohazards, and/or select agents

Nothing to Report.

o Significant changes in use or care of human subjects

N/A

o Significant changes in use or care of vertebrate animals.

Nothing to Report.

o Significant changes in use of biohazards and/or select agents

Nothing to Report.

6. PRODUCTS:

o Publications, conference papers, and presentations.

 Journal publications.
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Corrick RM, Tu, H, Zhang D, Muelleman RL, Wadman MC, Li 

YL. Dexamethasone protect against tourniquet-induced acute 

ischemia-reperfusion injury in mouse hindlimb. Front Physiol 9: 

2018; 244; (published); acknowledgement of federal support (yes). 

 Books or other non-periodical, one-time publications.

Nothing to Report.

 Other publications, conference papers, and presentations.

1. *Li YL, Corrick RM, Tu H, Zhang D, Muelleman RL,

Wadman MC. Protective effect of dexamethasone against

tourniquet-induced acute ischemia-reperfusion injury in mouse

hindlimb. MHSRS symposium, August, 2017.

o Website(s) or other Internet site(s)

Nothing to Report.

o Technologies or techniques

Nothing to Report.

o Inventions, patent applications, and/or licenses

Nothing to Report.

o Other Products

Nothing to Report.

7. PARTICIPANTS & OTHER COLLABORATING ORGANIZATIONS

o What individuals have worked on the project?

Name: Yulong Li 

Project Role: Principal Investigator 

Research Identifier: 0000-0001-5407-2761 (ORCID ID) 

Nearest person month worked: 3 

Contribution to Project: To design the experimental protocols and monitor all data to 

assure its quality. 

Name: Dong Wang 

Project Role: Co-Investigator 

Research Identifier: 0000-0002-8340-2763 (ORCID ID) 

Nearest person month worked: 3 

Contribution to Project: To assist and supervise Dr. Wang’s graduate student and Dr. Li’s 

postdoctoral fellow to synthesize lipo-Dex and trace lipo-Dex distribution. 

Name: Dongze Zhang 

Project Role: Postdoctoral fellow 

Research Identifier: none 

Nearest person month worked: 12 

Contribution to Project: to collaborate with Dr. Wang’s graduate student to trace lipo-

Dex distribution. He also performs in-vivo and in-vitro animal experiments. 
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Name: Gang Zhao 

Project Role: Graduate Student 

Research Identifier: none 

Nearest person month worked: 6 

Contribution to Project: To synthesize lipo-Dex and trace lipo-Dex distribution. 

Name: Huiyin Tu 

Project Role: Senior research associate 

Research Identifier: none 

Nearest person month worked: 2 

Contribution to Project: To measure morphology of skeletal muscles. 

Funding Support: NIH R01 grant. 

Name: Ryan Corrick 

Project Role: Clinical resident in Emergency Medicine 

Research Identifier: none 

Nearest person month worked: 2 

Contribution to Project: To measure inflammation including cytokine. 

Funding Support: Departmental residence training program.  

o Has there been a change in the active other support of the PD/PI(s) or senior/key

personnel since the last reporting period?

Nothing to Report.

o What other organizations were involved as partners?

Nothing to Report.

 Organization Name:

 Location of Organization:

 Partner's contribution to the project

 Financial support;

 In-kind support

 Facilities

 Collaboration

 Personnel exchanges

 Other.

8. SPECIAL REPORTING REQUIREMENTS

o COLLABORATIVE AWARDS: N/A

o QUAD CHARTS: Attached.

9. APPENDICES: N/A
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Optimized liposomal dexamethasone therapy improves functional outcome of post-traumatic skeletal muscle and 

neuromuscular junction

BA160061

W81XWH-17-1-0037

PI:  Yulong Li Org:  University of Nebraska Medical Center  Award Amount: $360,645

Study/Product Aim(s)

• To test the effects of lipo-Dex and Dex on inflammatory cytokines,

structure of skeletal muscles, and skeletal muscle contraction during

tourniquet-induced IR.

• To test the effects of lipo-Dex and Dex on the structure and function of

the neuromuscular junction during tourniquet-induced IR.

• To test adverse effects of lipo-Dex and Dex in mice with tourniquet-

induced IR.

Approach

• Tourniquet-induced limb IR injury will be induced by placing and

releasing an orthodontic rubber band at the hip joint in mice.

• We will synthesize lipo-Dex by ourselves.

• We will design in-vitro (cells and tissues) and in-vivo (conscious and

anesthetized mice) studies.

Goals/Milestones

CY17 Goal – To test effect of  lipo-Dex on skeletal muscle function

To obtain IACUC and ACURO approval.

To test effect of lipo-Dex on morphology and function of the 

skeletal muscle during tourniquet-induced IR.

CY18 Goals – To test effect of lipo-Dex on morphology and function of 

neuromuscular junction

 To test effect of lipo-Dex on morphology and function of 

neuromuscular junction during tourniquet-induced IR.

CY19 Goal – To test adverse effect of lipo-Dex

 To test adverse effect of lipo-Dex in mice with tourniquet-induced 

IR.

 To present the finding at relevant national conferences and 

publish peer reviewed papers.

 To prepare seek clinical partners to conduct a small clinical trial.

Budget Expenditure to Date

Projected Expenditure: $181,439.00

Actual Expenditure: $171,922.96 (Mar. 1, 2017 to Feb. 28,2018)Updated: (March 26, 2018)

Timeline and Cost

Activities  CY  17   18   19 20

To test effect of  lipo-Dex on skeletal 

muscle function

Estimated Budget ($K) $150  $180  $30  $0

To test effect of lipo-Dex on function 

of neuromuscular junction

To test adverse effect of lipo-Dex

Accomplishment: 1. Lipo-Dex and Dex inhibit  tourniquet-IR-induced  inflammation 

including elevation of cytokines, and  promote recovery of skeletal muscle structure 

and function from tourniquet-induced IR injury. 2. One peer-review paper has been 

published in Frontiers in Physiology.
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Tourniquet-Induced Acute 
Ischemia-Reperfusion Injury in 
Mouse Hindlimb 
 
Ryan M. Corrick † , Huiyin Tu † , Dongze Zhang † , Aaron N. Barksdale, Robert L. Muelleman, 

Michael C. Wadman and Yu-Long Li* 
 
Department of Emergency Medicine, University of Nebraska Medical Center, Omaha, NE, United States 
 

 
Extremity injuries with hemorrhage have been a significant cause of death in civilian 

medicine and on the battlefield. The use of a tourniquet as an intervention is necessary 

for treatment to  an injured limb;  however, the tourniquet  and subsequent release 

results in serious acute ischemia-reperfusion (IR) injury  in the skeletal muscle and 

neuromuscular junction (NMJ).  Much evidence demonstrates that inflammation  is an 

important factor to cause acute IR injury.  To find effective therapeutic  interventions 

for tourniquet-induced acute IR injuries, our current study investigated effect of 

dexamethasone, an anti-inflammatory drug, on tourniquet-induced acute IR injury in 

mouse hindlimb. In C57/BL6 mice, a tourniquet was placed on unilateral hindlimb (left 

hindlimb) at the hip joint for 3 h, and then released for 24 h to induce IR. Three hours of 

tourniquet and 24 h of release (24-h IR) caused gastrocnemius muscle injuries including 

rupture of the muscle sarcolemma and necrosis (42.8 ± 2.3% for infarct size of the 

gastrocnemius muscle). In the NMJ, motor nerve terminals disappeared, and endplate 

potentials were undetectable  in 24-h IR mice.  There was no gastrocnemius muscle 

contraction  in 24-h IR mice.  Western blot data showed that inflammatory cytokines 

(TNFα and IL-1β) were increased in the gastrocnemius muscle after 24-h IR. Treatment 

with dexamethasone at the beginning of reperfusion (1 mg/kg, i.p.) significantly inhibited 

expression of TNFα and IL-1β, reduced rupture of the muscle sarcolemma and infarct 

size (24.8  ± 2.0%),  and improved direct muscle stimulation-induced  gastrocnemius 

muscle contraction in 24-h IR mice. However, this anti-inflammatory drug did not improve 

NMJ morphology and function, and sciatic nerve-stimulated skeletal muscle contraction 

in 24-h IR mice.  The data suggest that one-time treatment with dexamethasone at 

the beginning of reperfusion only reduced structural and functional impairments of the 

skeletal muscle but not the NMJ through inhibiting inflammatory cytokines. 
 
Keywords: tourniquet, acute ischemia-reperfusion injury,  skeletal muscle,  neuromuscular junction, cytokine, 

dexamethasone 
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FIGURE 1 | The morphology of gastrocnemius muscles in all experimental groups. (A), histology in the cross section of gastrocnemius muscles, measured by 

laminin  staining  (a marker  for muscle sarcolemma). (B), histology in the longitudinal section of gastrocnemius muscles, measured by Masson’s trichrome staining. 

(C,D), representative and summary data for infarct size in gastrocnemius muscles. Data are mean ± SEM, n = 5 mice in each group. *P < 0.05 vs. sham; # P <

0.05 vs. IR. 
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FIGURE 2 | Representative (A) and summary (B,C) data for in situ gastrocnemius muscle tetanic contraction elicited by sciatic nerve stimulation or direct muscle 

stimulation in all experimental groups. Data are mean ± SEM, n = 5 mice in each group. *P < 0.05 vs. sham; # P < 0.05 vs. IR.
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FIGURE 3 IThe morphology of NMJs including motor nerve terminals and nAChRs located on gastrocnemius muscles from all experimental groups.

(A), representative images of NMJs. Synaptophysin and neurofilament 200 (red color) and u-bungarotoxin (B1X, green color) were used to label motor nerve terminals 

and nAChR clusters in NMJs. (B,C), mean data for motor nerve innervation to nAChR clusters and the number  of fragments per nAChR  cluster. Data are mean   ± 
SEM, n = 5 mice in each group. • p < 0.05 vs. sham.
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FIGURE 4 | Representative (A) and summary (B) data for sciatic 

nerve-stimulated endplate potentials (EPPs) recorded in gastrocnemius 

muscles from all experimental groups. Data are mean ± SEM, n = 5 mice in 

each group. *P < 0.05 vs. sham. 
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FIGURE 5 | Leukocyte infiltration and expression of inflammatory cytokines in gastrocnemius muscles from all experimental groups. (A), leukocyte infiltration into 

gastrocnemius muscles, measured by hematoxylin and eosin staining. Yellow arrowheads indicate leukocytes in gastrocnemius muscles. (B), representative (upper 

panel) and summary (lower panel) data for expression of IL-1β and TNFα proteins in gastrocnemius muscles, measured by Western blot analysis. Data are mean ± 

SEM, n = 5 mice in each group. *P < 0.05 vs. sham; # P < 0.05 vs. IR.
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